This paper examines the impact of Libra on volatility of Bitcoin using the classical framework of C. G. Lamoureux and W. D. Lastrapes (1990) . ARCH and GARCH effects disappear when lagged ICO funding size is included in the variance equation. A negative association between volatility and funding size and the disappearance of volatility persistence (long-term volatility effect) suggest that Libra, as a dominant new currency, is likely to stabilize the cryptocurrency market and enhance potential for currency diversification. Furthermore, it is revealed that the stability cannot be ensured merely by backing decentralized blockchain instruments, such as Bitcoin, with bank deposits, government securities or exchange rate.
Introduction
The recent announcement on the launch of the cryptocurrency called Libra by Facebook has shocked the business population around the world. According to market sources, Libra is likely to offer a wide array of benefits over Bitcoin. Libra will allow people to buy goods and services or even send money to others at a very negligible fee (Constine, 2019) . More importantly, it will be inbuilt in smartphones, so that the users could easily carryout transactions via WhatsApp, Messenger or any other applications of Facebook (Cuthbertson, 2019 ; Libra Association, 2019). Libra Association wishes to work closely with various online payment systems such as MasterCard, PayPal, Visa, eBay, Spotify, Uber, Lyft, Vodafone Group and Andreessen Horowitz in designing the operations strategy of Libra (Smith, 2019) . Surprisingly, as of 18/7/2019, the market prices of major payment stocks such as Visa, MasterCard, Paypal Holdings and Square Inc. have declined significantly. The blockchain system is expected to be designed in a way that the users could pseudonymously buy or cash out Libra online or at local exchange points such as grocery stores (Cuthbertson 2019 ; Libra Association 2019). Despite these merits, the co-founder of Ethereum, Joseph Lubin criticizes for centralizing the operations of Libra on several grounds such as the 'need for users to trust Libra's fiat currency and government bond backing, and merchants to trust that the network be responsibly run' (Zmudzinski, 2019) . He also points out the fact that the developers of Libra have borrowed many ideas from Ethereum (Zmudzinski, 2019) .
In some sense, Libra will pose a significant threat to well established regional online payment systems such as WeChat operated by Tencent. Also, banks and financial institutions will have to respond to this move by Facebook with significant changes to their business strategy. The banks have taken a serious note on this, in the process of business development (Suzdaltsev, 2019) . Especially, foreign banking units, which involve in cross border banking, will be severely affected by the operation of Libra. Libra, on the other hand, will encourage business users to share customers, data and payments (Yeates and Kruger, 2019) , which may result in the solicitation of banks and financial institutions' customer base. Moreover, S. Brown (2019) raises a lot of concerns over privacy of users, financial regulations and trust. Some experts and analysts are of the view that Libra is less likely to be accepted by the US government (Ellis et al., 2019) .
Unlike Bitcoin and other cryptocurrencies, Libra will be directly backed by low-volatility assets (Libra Association, 2019; Zagorsky, 2019) such as bank deposits and short-term government securities (Libra Association, 2019; Torpey, 2019; Zagorsky, 2019) . Since it will be backed by assets, a moderate level of volatility could be observed, when compared with the volatility and current performance of cryptocurrency market (Libra Association, 2019). Also, it is intended that Libra will be used as a medium of exchange rather than an instrument of speculative trading like Bitcoin. Sources also learn that its value is likely to be set against a bundle of real currencies such as pound and dollar (Arthur, 2019 ; Libra Association, 2019). While bitcoin is operating on a permissionless system, Libra is supposed to be permissioned, so that only a few trusted entities could maintain the blockchain ledger (Lopatto, 2019 ).
An excellent article by 500 Bitcoins (2019), on the attractiveness and advantages of Libra over Bitcoin, discusses remarkable facts about the future of Libra and its possible impact on Bitcoin and other cryptocurrencies. He discusses the superiority of Libra in terms of stability, governance, userbase, speed, privacy and accessibility. On the other hand, Libra will gain more than 2 billon users on all applications of Google immediately after its launch. Due to these unique advantages, it is highly likely that a considerable share of current Bitcoin users will switch to Libra and only speculative traders will remain in the cryptocurrency market. Also, the highly speculative nature of cryptocurrency market suggests that Bitcoin is unlikely to be successful in commercial applications. Volatility of Bitcoin does not warrant people to use it for commercial transactions because there will be a significant difference between the price at the time of execution and the settlement of transactions. This discourages holding Bitcoin for commercial purpose and eventually results in exchange losses (i.e., due to economic and transaction exposure). For example, no employee would want to receive salary in Bitcoins that could lose about half of its value on the following day (500 Bitcoins, 2019).
Surprisingly, the announcement of Libra has had a favourable impact on Bitcoin as it jumped to 11,738.20 (25/6/20019) from the announcement day price of 7,266.08 (18/6/2019), recording a return of 61.5% on investment just for 7 days. Certain market experts are of the view that this move appears to have a positive impact on Bitcoin and is unlikely to unsettle the established cryptocurrency market (see e.g., Cellan-Jones, 2019; Cuthbertson, 2019). However, these opinions are mostly based on the current surge in Bitcoin price upon the release of Libra white paper. Such impact cannot simply be guessed without any empirical test as to how the past instruments on blockchain operation have impacted the volatility of Bitcoin. As such, a good prediction of how Libra will impact the volatility of Bitcoin must be based on how various initial coin offers have so far impacted the volatility of Bitcoin. The objective of this paper is to examine whether the serial correlation associated with Initial Coin Offer (ICO) funding size causes heteroscedastic Bitcoin price increments (i.e., residuals) using the framework of C. G. Lamoureux and W. D. Lastrapes (1990) . This paper also aims at examining the nature of impact of ICO funding size on volatility of BItcoin, which provides evidence as to the most likely impact of Libra on volatility of Bitcoin. The research questions include whether ICO funding data replicates the role of new information arrival on cryptocurrency launch to the Bitcoin market and what kind of impact that it has on the volatility of Bitcoin. The research is carried out using GARCH (1, 1) methodology as there is no asymmetric volatility effect in the cryptocurrency market for daily data. The results show that ARCH and GARCH effects vanish when the ICO funding size-as a mixing variable-is controlled for in the conditional variance equation of GARCH (1, 1) model.
The paper is organized as follows. Section 1 provides the methodological approach. Section 2 discusses the data set and empirical properties of the sample. Section 3 discusses the findings of the study and the last section concludes the paper.
Methodological framework
Libra has not yet been launched but it will constitute another blockchain instrument (see e.g., Associated Press, 2019) from 2020 onwards. Historical data with regard to initial coin offer funding will be helpful for understanding how new cryptocurrencies launched have so far impacted the volatility of Bitcoin. It provides evidence for likely impact of Libra on volatility of Bitcoin, if Libra is operated on blockchain technology. In particular, Libra Association (2019) quotes that 'blockchains and cryptocurrencies have a number of unique properties that can potentially address some of the problems of accessibility and trustworthiness' . However, if there is any impact of Libra on volatility of Bitcoin, it should be followed by underlying information on the value of Libra (i.e. Libra project) as new cryptocurrencies launched so far have been carrying a verity of information-rich projects (e.g., Ethereum cryptocurrency). Numerous papers show that insider information leakages (e.g., undisclosed projects) by ICO promoters would help arbitrageurs to plan for the purchases in advance and benefit from trading (see e.g., Finra 2018; Gatti et al., 2017; Maume and Fromberger, 2018; Afota, 2018; Senderowicz et al., 2018) soon after launching the offer. Of course, a similar impact on Bitcoin is expected from the launch of Libra as it will probably be the largest competitor of Bitcoin (see discussion under section 1).
By now, it is a well-known fact that there is no leverage effect in the Bitcoin market for daily data (see e.g., Dyhrberg, 2016; Othman et al., 2019; Senarathne, 2019) . Note that the estimates from an exponential GARCH (EGARCH) model did not report leverage effect and showed poorly fitting volatility forecasts for the Bitcoin return times series. Therefore, the impact of initial coin offer funding size on volatility of Bitcoin is tested using a plain vanilla Generalised Autoregressive Conditional Heteroskedasticity (GARCH 1, 1) model of T. Bollerslev (1986) . Consider the following GARCH (1, 1) specification with the additivity of mixture of distribution properties associated with Bitcoin return in the sense of C. G. Lamoureux and W. D. Lastrapes (1990) . Define δ it denote the i th intraday equilibrium market price increment in day t such that:
Where n t is the stochastic mixing variable, which reflects the new information flow on the launch of new cryptocurrencies through ICO funding (i.e., including their underlying projects). The mixing variable n t is proxied by the ICO funding size value at the respective closing date. Note that ε i is subordinated to δ i in the sense of P. K. Clark (1973) , C. G. Lamoureux and W. D. Lastrapes (1990) and C. W. Senarathne and P. Jayasinghe (2017). Technically, the size of ICO funding must reflect the underlying information as to the investors' expectation about how the coin will (i.e., new cryptocurrency) perform exceptionally well into the future, providing them with a stellar return on investment. Of course, poor projects will not be able to secure a decent amount of funding. Numerous papers such as A. Ram (2019) show that cryptocurrency offers a wide array of opportunities for portfolio diversification (i.e., among gold, stocks, bonds, commodity etc.).
As opposed to those of the ideas expressed by various news correspondents, this study hypothesizes to have a negative impact of new cryptocurrency launch on volatility of Bitcoin because ICO will provide the opportunity for investors to diversify the investments in cryptocurrencies (see e.g., Ehlers and Gauer, 2019) and moderate risk-taking traders will move their investments in Bitcoin to new Generalised Autoregressive Conditional Heteroskedasticity (GARCH 1, 1) model of T. Bollerslev (1986) . Consider the following GARCH (1, 1) specification with the additivity of mixture of distribution properties associated with Bitcoin return in the sense of C. G. Lamoureux and W. D. Lastrapes (1990) . Define  �� denote the � �� intraday equilibrium market price increment in day � such that;
Where � � is the stochastic mixing variable, which reflects the new information flow on the launch of new cryptocurrencies through ICO funding (i.e., including their underlying projects). The mixing variable � � is proxied by the ICO funding size value at the respective closing date.
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As opposed to those of the ideas expressed by various news correspondents, this study hypothesizes to have a negative impact of new cryptocurrency launch on volatility of Bitcoin because ICO will provide the opportunity for investors to diversify the investments in cryptocurrencies (see e.g., Ehlers and Gauer, 2019) and moderate risk-taking traders will move their investments in Bitcoin to new cryptocurrencies due to high liquidity, security and affordability. This may lead to stabilization of the Bitcoin market. As such, the initial offer value of Libra will also be a critical determinant of the nature of impact of Libra on volatility of Bitcoin. These initial hypotheses are tested by employing GARCH (1, 1) methodology described below.
The following GARCH (1, 1) process of Bollerslev (1986) is used to forecast the volatility of Bitcoin return.
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The following GARCH (1, 1) process of T. Bollersley (1986) is used to forecast the volatility of Bitcoin return, where ⱷ is the constant of the conditional variance equation (4) above and, α and λ are the ARCH and GARCH coefficients respectively. h t-1 is the conditional variance of Bitcoin return in the prior period (t-1). It is expected that θ>0, α>0 and λ>0 as per the initial prepositions of Bollerslev (1986) . The distribution of ε t follows a normal distribution, given that the information set Ω is available to investors at time t-1. That is simply, E(ε t | Ω_( t-1 )) ∿N(0,h t ) and if δ i is distributed with mean zero and unit variance (σ 2 ), ε t |n_t∿ N(0,σ 2 n t ).
In order to understand the time dependence of ICO in the ARCH error generation process (i.e., heteroscedastic price increment process) of equation (2), the lagged value (which avoids any possible simultaneity bias, if ICO funding size is weakly exogenous) of ICO funding size (ICO) is introduced into the conditional variance equation (4) in the sense of C. G. Lamoureux and W. D. Lastrapes (1990, p. 228).
The ICO as in the variance equation (6) is not sufficient to explain the underlying effect of Libra on volatility as Bitcoin is not backed by any assets. Assume that Bitcoin is backed by bank deposits and short-term government securities (Libra Association, 2019) as Libra. In order to control for such effects in the conditional variance, additional control variables must be included in the equation (6) . Banks usually set deposit rates based on London Interbank Offered Rate (LIBOR) as the benchmark. As such, 1-month LIBOR based on U.S. Dollar is taken as the proxy for the average short-term bank deposit interest rates for all kinds of deposits for which the data are not publicly available (for all). In addition, 3-month US Treasury bill (TB) rate (secondary market rate) is included to control for the effect of backing Libra by short-term government securities. Also, Libra Association (2019) demonstrates that 'the existing blockchain systems have yet to reach mainstream adoption. Massmarket usage of existing blockchains and In order to understand the time dependence of ICO in the ARCH error generation process (i.e. heteroscedastic price increment process) of equation (2), the lagged value (which avoids any possible simultaneity bias, if ICO funding size is weakly exogenous) of ICO funding size (ICO) is introduced into the conditional variance equation (4) in the sense of C. G. Lamoureux and W. D. Lastrapes (1990, p. 228).
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Under null hypothesis of ICO funding size reflects the persistent flow of information (associated with ARCH residual heteroscedasticity) arrival on the underlying cryptocurrency launch (e.g. information on underlying projects), the total volatility persistence in the conditional variance (i.e. long-term volatility effect) as captured by a+λ should be much smaller and insignificant, when accounting for uneven flow of information arrival under serial correlation in the presence of GARCH (Lamoureux and Lastrapes, 1990, p. 223). The sign and the significance of the coefficient α indicates the nature of impact of Libra on volatility of Bitcoin (Note that ICO is the only mixing variable considered and other variables are introduced to control for backing Libra by assets).
Data and Empirical Results
Daily Bitcoin prices are obtained from Yahoo Finance webpage (Yahoo Finance 2019) and ICO funding data are avail-able on the Coindesk webpage (Coindesk, 2019) . US economic data are obtained from the Federal Reserve Bank of St. Louis webpage (See Board of Governors of the Federal Reserve System 2019a, 2019b; ICE Benchmark Administration Limited 2019). Sample covers a daily data period of initial coin offering and Bitcoin trading from 2/3/2014 to 7/31/2018. The file downloaded from Coindesk webpage initially consisted of 860 observations of closes. For some days, there were more than one ICO closes (i.e., intraday ICO) and, as such, the aggregate funding sizes (value) of all intraday ICO closes have been taken as the day end value of ICO funding. Observations were then reduced to 395 after intraday ICO funding sizes (closed) of various coin offers are aggregated and considered at the end of each day. Note that the ICO funding closing date must be matched with the corresponding observation date of Bitcoin price, interest rates and exchange rate data and properly sorted before the data are entered and GARCH model is run on Eviews statistical software. The value on each nonmarket day of interests and exchange rate would be the previous market closing rate because all types of cryptocurrency market data are available for 365 days (i.e., 7-day week). The correlation matrix of variance regressors and some descriptive statistics of the sample data are as follows.
on volatility as Bitcoin is not backed by any assets. Assume that Bitcoin is backed by bank deposits and short-term government securities (Libra Association, 2019) as Libra. In order to control for such effects in the conditional variance, additional control variables must be included in the equation (6) . Banks usually set deposit rates based on London Interbank Offered Rate (LIBOR) as the benchmark. As such, 1-month LIBOR based on U.S. Dollar is taken as the proxy for the average short-term bank deposit interest rates for all kinds of deposits for which the data are not publicly available (for all). In addition, 3-month US Treasury bill (TB) rate (secondary market rate) is included to control for the effect of backing Libra by short-term government securities. Also, Libra Association (2019) demonstrates that 'the existing blockchain systems have yet to reach mainstream adoption. Mass-market usage of existing blockchains and cryptocurrencies has been hindered by their volatility and lack of scalability, which have, so far, made them poor stores of value and mediums of exchange'. As such, U.S. / Euro foreign exchange rate (���) is also controlled for in the conditional variance equation (6) to be more precise in the estimation process.
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Under null hypothesis of ICO funding size reflects the persistent flow of information (associated with ARCH residual heteroscedasticity) arrival on the underlying cryptocurrency launch (e.g. information on underlying projects), the total volatility persistence in the conditional variance (i.e. long-term volatility effect) as captured by � � � should be much smaller and insignificant, when accounting for uneven flow of information arrival under serial correlation in the presence of GARCH (Lamoureux and Lastrapes, 1990, p. 223). The sign and the significance of the coefficient ∝ indicates the nature of impact of Libra on volatility of Bitcoin (Note that ICO is the only mixing variable considered and other variables are introduced to control for backing Libra by assets).
There is no significant correlation between the regression variables, except for LIBOR and TB which are highly correlated. If the two variables are controlled for in the variance equation (7) simultaneously, the conditional variance specification will suffer from the effect of multicollinearity. As such, LIBOR is removed from the equation (7) and the reduced version can be written as: Table 2 provides the descriptive statistics of sample data. The null hypothesis that Bitcoin returns are normally distributed is soundly rejected as test statistic substantially exceeds the critical value of 5.99 under 5% significance level. This encourages the author for applying above methodological framework because the GARCH persistence captures the volatility clusters in speculative markets and can properly explain nonnormality or nonstationarity of return distributions (See carefully Engle, 1982; Lamoureux and Lastrapes, 1990, p. 221 ). The nonnormality of ICO funding data can be attributed to the fact that there are significant dif-ferences between funding sizes of different cryptocurrencies. The funding size clearly reflects the value of underlying project of each launch. The test statistics of other variance regressors are somewhat closer to Jarque-Bera test critical value. All variance regressors are highly serially correlated as per ARCH-LM test. The test statistic for number of observations multiplied by the R-squared value substantially exceeds the critical value of 12.59 at 5 percent significance level. Bitcoin return data are also serially correlated as null hypothesis of no serially correlation (i.e., no ARCH effect) is rejected at 5 percent significance level. Noticeably, Bitcoin return and ICO funding data are highly stationary as Augmented Dickey-Fuller test statistic substantially exceeds its critical value of -2.87. Treasury bill rate and LI-BOR are approximately stationary as their test statistics fractionally exceed the test critical value. U.S. / Euro foreign exchange rate data are, however, non-stationary.
As enumerated in Table 3 , the ARCH and GARCH coefficients are statistically significant at 10 percent and 1 percent significance levels respectively and the total volatility persistence as measured by a+λ at this time is 0.906. After lagged value of ICO funding size is introduced into the conditional variance equation as in (6), the ARCH and GARCH coefficients become highly insignificant and the of ICO funding. Observations were then reduced to 395 after intraday ICO funding sizes (closed) of various coin offers are aggregated and considered at the end of each day. Note that the ICO funding closing date must be matched with the corresponding observation date of Bitcoin price, interest rates and exchange rate data and properly sorted before the data are entered and GARCH model is run on Eviews statistical software. The value on each non-market day of interests and exchange rate would be the previous market closing rate because all types of cryptocurrency market data are available for 365 days (i.e., 7-day week). The correlation matrix of variance regressors and some descriptive statistics of the sample data are as follows. There is no significant correlation between the regression variables, except for ����� and �� which are highly correlated. If the two variables are controlled for in the variance equation (7) simultaneously, the conditional variance specification will suffer from the effect of multicollinearity. As such, ����� is removed from the equation (7) and the reduced version can be written as,
� � \���� ���, � ��� , � ��� , … . . ���(0, ℎ � ), ������ (�) ℎ � � � � �(�)� ��� � � �(�)ℎ ��� � � ��� ��� � ��� ��� � ���� ��� (8) total volatility persistence (i.e. long-term volatility effect) reduces to 0.745 from 0.906. This provides strong evidence for the hypothesis that Bitcoin return can be characterized by the GARCH (1, 1) model described in (2), (3) and (4), when ICO funding size is excluded from the variance equation (6) . Given the amount of serial correlation associated with ICO funding data, the above evidence provides strong support for the hypothesis that ARCH in the GARCH (1, 1) specification of (2), (3) and (4) reflects uneven but persistent flow of information arrival on ICO funding data Note: 1. Asymptotic t-statistic appears in parenthesis. 2. ***Statistically significant at 1% assuming returns are conditionally normally distributed. **Statistically significant at 5% and *statistically significant at 10%. 3. As the covariance matrix of the specification above will be inconsistent, the results may be based on incorrect (biased) standard errors unless treated specifically. As such, coefficients are estimated using the methods described by Bollerslev and Wooldridge (1992) to the Bitcoin market. More importantly, the coefficient ∝ applicable to ICO funding size is negative and statistically significant at 1 percent significance level. This suggests that the new cryptocurrency launch reduces the volatility of Bitcoin, which eventually contributes to long-term stabilization of the Bitcoin market. There is no noticeable difference between the results of equation (7) and (8), and ∝ still remains highly significant at 1 percent significance level under two variance regressions with control variables (i.e. no change in the total volatility persistence). These results further confirm that-whether or not new cryptocurrencies are backed by assetsthe likelihood of negative impact (longterm impact) of Libra on volatility of Bitcoin is high. As such, the claim made by Libra Association (2019) regarding backing Libra by least-volatile assets (e.g. short-term government securities and bank deposits), for maintaining stability (i.e. low-volatility) in its market, is not justified by the findings. If Libra becomes a low-volatility instrument as expected by Libra Association, the investors will have the opportunity to diversify their cryptocurrency investments with Libra, which may also result in switching speculative Bitcoin investment funds to Libra investments. Also, the current holders of Bitcoin who have already realized significant losses in trading will find Libra as the safe haven for currency diversification or even completely moving from Bitcoin to Libra based on their leaning and experience from trading. The magnitude of this move may also be dependent upon the stability of Libra after launch, the risk appetite and tolerance of current Bitcoin investors.
Conclusion
There are numerous advantages of Libra over Bitcoin and other cryptocurrencies; not only consumers and businesses but also the society at large will benefit from it. This secured, stable global currency and financial infrastructure empowers economic opportunities and more commerce across the world. It helps billions of unbanked individuals to access financial services at a negligible cost on social media platforms. From cryptocurrency investors' perspective, Libra is likely to offer another avenue for portfolio (cryptocurrency) diversification.
The results show that, the ARCH and GARCH effects vanish when the ICO funding size-as a mixing variable-is controlled for in the conditional variance equation of GARCH (1, 1) model. This is highly suggestive that Bitcoin return can properly be characterized by GARCH (1, 1) model, when ARCH manifests uneven but persistent flow of information arrival on ICO funding data to the Bitcoin market. Moreover, the new cryptocurrency launch, as proxied by ICO funding size, has shown to have a profound long-term (negative) effect on the volatility of Bitcoin, which will enhance currency diversification benefits and stability in the cryptocurrency market (i.e. Bitcoin market), especially after the launch of Libra.
While these conclusions are strictly based on the quantitative assessment from GARCH (1, 1) estimates, it is plausible to surmise that there would be other qualitative factors, which may determine the magnitude of impact of Libra on volatility of Bitcoin. Although numerous papers and perhaps even a giant literature from 2014 onwards have shown the speculative nature of Bitcoin (e.g., Glaser et al., 2014; Yermack, 2015;  Baek and Elbeck, 2015; Cheah and Fry, 2015; Bouoiyour and Selmi 2015; Ciaian et al., 2016; Dyhrberg, 2016; Baur et al., 2018), the risk appetite and current trading positions (i.e., profits or losses incurred and debts etc.) of Bitcoin trading population may also impact this transition. If Libra becomes a low-volatility (i.e., stability) instrument, as expected by Libra Association (2019), the investors will have the option to diversify their cryptocurrency investments with Libra, which may result in switching speculative Bitcoin investment funds to Libra investments. However, the results do not suggest that the stability of Libra could simply be achieved by backing it with least-volatile assets, such as shortterm government securities and bank deposits, if it is operated on decentralized blockchain ledger system. Moreover, the nature and trading behavior of Librawhether it will be a medium of exchange or a speculative asset-is clearly unknown at this time, but will certainly be a matter of concern (long-term) for those who have invested heavily in Bitcoin in the course of fortune-hunting.
